Background This study tested the hypothesis that the birthweight paradox would not be observed when assessing the effect of maternal education on neonatal mortality in the presence of socioeconomic inequality in access to health care.
Introduction
With the support of initiatives such as the Millennium Development Goals (MDG), which led United Nations member States to commit to improving maternal and child health, child mortality rates are falling worldwide. 1 However, the reduction in neonatal mortality is happening at much lower speeds than that of post-neonatal mortality. 2, 3 In countries with high neonatal mortality rates, universal coverage of essential interventions is initially necessary for their reduction. 4 However, in high and middle-income countries, special attention needs to be paid to infants who are small and ill in order to accelerate neonatal mortality reduction. 4, 5 Because of this, interventions with the greatest impact are those most dependent on health system infrastructure. 4 Brazil met the MDG child mortality reduction goal early. 6 However, child and neonatal mortality rates are still considered high given the country's potential and may reflect persistent regional and socioeconomic inequalities. 7, 8 In a large study carried out in Brazil, the highest neonatal mortality rates were found among children weighing less than 1500 g and/ or less than 32 weeks of gestation, who were in hospitals without an ICU. 8 Low birthweight children from high-risk populations (for example, from mothers who smoke) frequently present lower mortality rates when compared with low birthweight children from lower risk populations (following the example, from non-smoking mothers). 9 This is known as the birthweight paradox. [10] [11] [12] [13] The birthweight paradox has been the subject of much debate in recent decades. Most authors agree that the paradox is an artifact caused by selection bias, differing in the explanations for the bias occurrence. Some 14, 15 attribute it to the analysis of the effect of the exposure of interest on mortality conditioning on birthweight, when birthweight is affected by the risk factor under study and shares an unmeasured common cause with mortality. On the other hand, Kramer et al. 16 argue that the presence of an unmeasured confounder is not necessary. The analysis of the exposure effect on mortality conditioning on a specific birthweight (or gestational age) is sufficient to produce the paradox because it ignores the risk of birth at a specific birthweight (or gestational age), which may itself be caused by the exposure.
A less debated aspect, however, is that although the birthweight paradox has been observed in studies about neonatal mortality using smoking and reproductive factors as exposure variables, 9, 11, 13 it is not consistently found when the effect of maternal education is assessed. A possible explanation for these discrepant results is the fact that maternal education is a distal determinant of both low birthweight and neonatal death, exerting its effects through different types of mediators. Such effects may be present since conception until long after birth. In the neonatal period, low maternal education may bring disadvantages to low birthweight newborns. One of these disadvantages is that they are less likely to have access to adequate care. The relative survival advantage of the exposure children born with a specific birthweight when compared to the non-exposed would be neutralized by the lack of adequate care, which would be the case in societies where socioeconomic inequality in access to health care are present.
Most of the studies describing the occurrence of the birthweight paradox were conducted in countries characterized by the existence of universal health care. 10, 12, 17 These studies were developed from the 1980s onwards, when technologies that greatly enhanced the chance of survival of preterm and low birthweight newborns were increasingly used. We believe that the variation in the availability and access to high complexity neonatal care, such as facilities with Neonatal Intensive Care Units (NICUs), may explain the divergent results concerning the occurrence of the birthweight paradox in the association between socioeconomic position and neonatal mortality.
In Brazil, a country characterized by social inequality, free public and private health care systems coexist. Although there are some well-equipped facilities in the public sector, they do not scale up to the demands of the population, and the private sector is even less accessible due to financial barriers. This complex context creates barriers to health care access for the lower-income population.
The objective of this study was to determine whether the birthweight paradox would be observed or not, by assessing the effect of maternal education on neonatal mortality conditioning on birthweight in a cohort of singleton live-born infants born in Rio de Janeiro state (Brazil) between 2004 and 2010. Additionally, in order to evaluate the role of possible barriers to access we used the availability of NICUs in the health care facilities as a proxy marker for access to more complex neonatal health care in a subsequent ecological study.
Methods
Data source, population and variables of the study
We used Brazilian vital records databases. Previous studies showed that these databases are of good quality. [18] [19] [20] [21] We conducted a non-concurrent cohort study using probabilistic techniques to link 1 519 095 live births records to 15 540 neonatal deaths records from children born in Rio de Janeiro state between 2004 and 2010. 22 The linkage process was done with Reclink, 22 a software that implements probabilistic techniques. We applied a multiple-pass indexing strategy (17 passes) using keys formed by different combinations of the following fields: phonetic codes of mother's first name and last name, mother's year of birth and newborn sex. In each pass we used the mother's name and year of birth to compare the record pairs formed, and calculated a composite score formed by the sum total of the agreement or the disagreement weight for each field being compared. The scores ranged between −17.89 and 20.32. Pairs with scores higher than -1.0 were sent to clerical review.
We successfully linked 14 827 death records (recall proportion = 95.4%). The 713 death records not linked did not differ significantly from the linked records regarding mother's educational level and age as well as child birthweight. Figure 1 presents the flow chart of the selection procedures of the study population. We included live-born infants from singleton pregnancies, with birthweights ≥500 g and estimated gestational ages ≥22 weeks, based on a recommendation by the World Health Organization, in order to favor comparability with neonatal mortality studies from other countries. 23 From this population, we excluded 26 559 records (1.76%) with missing information on the exposure (maternal education level), covariates (maternal age, birthweight), and variables used for record selection (gestational age, type of pregnancy -single or twins and municipality of residence). We also excluded records showing inconsistencies between birthweight and gestational age. The final study cohort included 1 445 342 single live births to mothers residing in the Rio de Janeiro state and 11 694 neonatal deaths.
The Live Birth Information System is a complete and reliable source of information on maternal education. 19 The Live Birth database presents maternal age as a continuous variable (years of age). In the present study, we regrouped maternal age into three categories: 10-19 years old, 20-34 years old (reference range) and 35-49 years old.
Live-born infants weighting less than 2500 g were classified as low birthweight infants. Additionally, to better describe population birthweight distribution we categorized it as a fivelevel variable (500-999 g; 1000-1499 g; 1500-2.499 g; 2500-3.999 g and ≥4000 g).
In the Live Birth database, maternal schooling is classified in five categories: none; one to three years; four to seven years; eight to eleven; and twelve or more. In the present study, we regrouped maternal education into three new categories: <4 years (low educational level), 4-11 years (intermediate educational level), and ≥12 years of schooling (high educational level). We adopted this classification because we consider that the group of women with no or up to three years of schooling, which fits the definition of functional illiteracy adopted by Instituto Brasileiro de Geografia e Estatística (Brazilian Geographic and Statistical Institute, 2009), Essential information that must be present so that a decision can be made whether or not to include the record in the study: birthweight, gestational age, type of pregnancy and city of residence.
b Inclusion criteria: birthweight ≥500 g, gestational age ≥22 weeks, singleton pregnancies, residence in Rio de Janeiro State. c Exclusion criteria: missing information on maternal education level, maternal age >49 years or unknown and inconsistencies between birthweight and gestational age represents the extreme of the unfavorable socioeconomic position. On the other hand, women with 12 or more years of schooling are in the best possible position. Whether a child was admitted or not to a NICU after birth is not available in the live birth database. For that reason, we had to use a facility-level indicator, the availability of NICUs in the place of birth. Information on that indicator was retrieved from the National Register of Health Facilities -CNES (cnes.datasus.gov.br).
Data analysis
The analysis of the birthweight paradox was based on curves of birthweight-specific neonatal mortality rates (divided into 500 g increment categories) for each stratum of education using a logarithmic scale. Additionally, we estimated the association between maternal education and neonatal mortality by odds ratios. Logistic regression models were separately adjusted in two weight strata: one consisting of live birth infants weighing less than 2500 g (low birthweight) and another stratum weighing ≥2500 g. High maternal education was the reference category, and maternal age was included in the models in order to control for confounding.
We performed the data analysis using Stata 9 (StataCorp. 2005. Stata Statistical Software: Release 9. College Station, TX: StataCorp LP.). The graphs were built using the R software, version 2.14.1 (R Development Team Care, 2010).
The record linkage process was carried out using populationlevel electronic identified databases. Following Brazilian regulation for ethics in research, the Research Ethics Committee of the Institute for Studies of Public Health, Federal University of Rio de Janeiro (UFRJ-IESC) waived the informed consent requirement, providing that subjects' information was anonymized and de-identified prior to analysis, to deal with the ethical issues regarding the risk of reidentification. The study was approved on 08/08/2012 (protocol number 69965).
Results
Among the infants studied, 6.4% were born to mothers with low education and 21.7% were born to mothers with high education. Mean birthweight was 3190 g with SD ± 539 g, and the median was 3210 g (IQR: 2905-3520 g). The neonatal mortality rate in the study population was 8.09 per 1000 live births. Mean birthweight increased with maternal education (Table 1) . Women with low education had the highest percentage of newborns with low birthweight (<2500 g) and macrosomia (≥4000 g) ( Table 1) .
Neonatal mortality decreased with higher maternal education, showing a mortality rate approximately 1.8 times higher in the group of infants born to low-education mothers compared with those born to mothers with 12 years of schooling or more (Table 1) . 
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The birthweight-specific neonatal mortality curve (Fig. 2 ) was always higher in the group of newborns of mothers with low educational level. In addition, we did not observe the intersection of mortality curves below the weight of 2500 g. Despite not observing the paradox in the graph, the inverse association between maternal education and neonatal mortality adjusted for maternal age was less intense in the stratum of newborns with low birthweight ( Table 2 ).
The proportion of low birthweight children born in facilities without NICUs increased inversely with the maternal education level (<4 years 54.9%; 4-11 years 43.6%; ≥12 years 42.1%). The odds of a low birthweight child being born in a NICU-less facility were about 70% higher in the group of low education when compared with mothers with high education (OR 1.67; 95% CI 1.59, 1.76).
Discussion Main finding
Neonatal mortality was higher in the group with lower maternal education in all ranges of birthweight, with no crossing birthweight-specific mortality curves, thus failing to demonstrate the birthweight paradox in the studied population. However, there was an attenuation of the maternal education and neonatal mortality association in the stratum of low birthweight (<2500 g), a pattern already observed in studies conducted in Israel between 1977 and 1980, 25 26 Unequal access to health care is a common feature between Brazil and the latter, whereas at the time when the studies were conducted in the first two countries the necessary resources for dealing with low-weight neonates were not available. In countries characterized by universal access to health care such as England and Wales, 17 the Czech Republic, 10 and Sweden, 12 however, the birthweight paradox was observed.
What is already known on this topic
The paradox results from a selection bias. In biological terms, two explanations are suggested for the phenomenon: (1) the effect of a non-measured confounding factor (e.g. a congenital anomaly); 13, 15 or (2) adaptation to a suboptimal intrauterine environment brought about by a chronic exposure (e.g. smoking).
In a chronic exposure setting (e.g. smoking), fetuses that are born preterm or at term with low birthweight could be considered as having succeeded in adapting to a suboptimal intrauterine environment. These fetuses, due to being selected and prepared by hormonal and metabolic adaptive mechanisms, would present a lower neonatal death risk. 27 However, since birth usually occurs after a period of labor or after medical indication (induced vaginal delivery or cesarean section), there is time for clinical interventions, such as antenatal steroids in the interval before delivery, magnesium sulfate infusions to women prior to 32 weeks' gestation, and antibiotics for premature rupture of membranes. 27, 28 These interventions are capable of substantially reducing neonatal morbidity and mortality.
What this study adds
According to our findings, more than half of low educational level mothers had their low birthweight children in facilities without NICU, perpetuating a context of obstacles that hinders the survival of their newborns.
Women with less schooling tend to be exposed to greater physical and mental stress, to present unfavorable obstetric history, to get inadequate or no antenatal care, and to have habits such as smoking, drinking alcohol and use of drugs such as cocaine and its derivatives. 29 All such conditions are associated with restricted intrauterine growth, preterm birth and neonatal mortality. [30] [31] [32] [33] Despite such putative chronic intrauterine exposures possibly preparing fetuses for greater resistance in extrauterine life, women with little schooling and their neonates may stand worse chances to get adequate care during labor and birth, as well as in the post-natal period, which can be crucial to survival during the neonatal period for those born with low weight or preterm. By the same token, if a stronger risk factor for mortality (non-measured confounding) were less prevalent among low birthweight neonates born of low schooling mothers, this selective advantage would be lost in the presence of barriers to proper care.
In a recent review of interventions and delivery platforms that could affect newborn outcomes, 34 authors suggest that hospital-based secondary and tertiary level care could prevent more than 70% of deaths in preterm infants. These hospital-based supportive cares should include interventions such as kangaroo mother care, feeding support/intravenous fluids, oxygen, infection management, surfactant administration, invasive or noninvasive positive pressure ventilation. In a live birth cohort examined in the Birth in Brazil survey, approximately 50% of the live births with less than 1500 g in hospitals without NICUs resulted in neonatal death, and the neonatal mortality rate for children of mothers that reported that they had to go through several hospitals before finally being cared for was four times that of mothers that did not report this kind of experience. 8 Another study 35 showed inequalities in the distribution of qualified professionals (nurses and physicians) according to income level in Brazil, explaining a large proportion of neonatal mortality.
In our view, the main message of the present study is that in addition to the methodological issues involved, the absence of crossing birthweight-specific mortality curves may be a reason for concern about the severity of the disadvantages faced by low maternal education. As demonstrated by our findings, the risks associated with low maternal education may play a very important role, presenting severe risks even long after delivery.
Limitations of this study
In our study, we did not use hospital administrative databases, since they are only available for hospital admissions funded by the government. Although the ecological analysis about births in hospitals with NICUs corroborates our hypothesis that lack of access to adequate care may explain the absence of the paradox, we could not identify if the newborn was indeed admitted to such a facility, thus benefitting from intensive care. We could only ascertain that the birth took place at a hospital with a NICU. We also did not have Adjusted for maternal age.
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access to about possible antenatal interventions such as corticosteroid or antibiotic usage. Another limitation of the study include the use of live birth records data that lack key information to understand the mechanisms involved in the association between maternal education and adverse neonatal outcomes, such as information on smoking. Additionally, the imprecise information about gestational ages in the Brazilian live birth records, informed as intervals, did not allow us to use that variable. Finally, we failed to link 4.6% of deaths in the period through record linkage of the live birth and mortality data. These deaths were misclassified as survivals, causing underestimated neonatal mortality. However, considering that misclassification errors of exposure and outcome variables were independent, and the outcome misclassification was non-differential with regards to the exposure variable, and we expect a specificity close to 100%, then risk ratio measures probably were not biased. 36 Funding
